ABSTRACT 5-Keto-L-idionic acid (a6-keto-Dngluconic acid, D-xylo-5-hexulosonic acid) was found as a metabolic product of L-ascorbic acid in sLices of immature grapes, Vitis labrusca L. cv 'Delaware'. Specifically labeled compounds, recognized as metabolic products of L-ascorbic acid in grapes, were fed to young grape tissues to investigate the metabolic pathway from L-ascorbic acid to L4+)-tartaric acid.
Since the first report that [ I-'4C]AA' is a precursor ofcarboxyllabeled TA in grapes (9) , several kinds of specifically labeled AA have been fed to TA-accumulating higher plants to investigate the metabolic route of AA to TA. When plants belonging to the Vitaceae have been the material used, results have indicated clearly that the C4 fragment corresponding to the Cl to C4 group of AA is metabolized to TA and that the remaining C2 moiety that corresponds to the C5 to C6 group of AA contributes to sugar metabolism (3, 7, 10, 11, 15, 17, 18) . Little information on the metabolic pathway connecting AA and TA has been obtained because intact tissues of plants which belong to the Vitaceae accumulate only small amounts of AA metabolites other than TA under natural conditions.
To trace the conversion of AA to TA, [1 -'4C]AA was vacuuminfiltrated into slices of immature grapes and incorporated into labeled metabolites over a 5-h period (12) . Four were formed. Three, identified as 2-keto-IA, IA, and L-idono-ylactone, were labeled rapidly before incorporation of 14C into TA began to increase linearly. Therefore, we concluded that at least one ofthese compounds is the effective precursor ofTA in grapes and is located on the metabolic pathway between AA and TA. The fourth product, which was an anionic substance referred to as Peak-III in a previous paper (12) , is identified as 5-keto-IA. This compound had long been supposed to be the precursor of TA in microorganisms (6) and higher plants (2) , but there is little experimental data to show that 5-keto-IA really is the precursor of TA.
Here we present results of feeding experiments in which specifically labeled 2-keto-IA, IA, L-idono-'y-lactone, or 5-keto-IA was introduced into slices or intact tissues of grapes in order to determine the synthetic pathway between AA and TA.
MATERIALS AND METHODS
Plant Materials. Grape tissues were obtained from a vine of Vitis labrusca L. cv 'Delaware' growing in a vineyard at Kyoto University. Slices of young grapes (38 d after anthesis) 1-mm thick were prepared by the procedure described previously ( 12) . Grape apices containing a growing point, two folded leaves, and three small leaves (about 10 cm long, 1.5 g fresh weight) were excised when new shoots were growing actively, and solutions containing one or more of the labeled compounds were fed to the freshly severed stem. Young grape leaves (7-8 cm wide) also were harvested from the tips of actively growing new shoots. (12) . Labeled tissues were ground in a mortar, then extracted with 0.1% oxalic acid solution. After precipitating off the oxalate as its Ca-salt by adding Ca-formate, the remaining liquid was fractionated into cationic, anionic, and neutral compounds by Dowex ion-exchange column chromatography. In the double label experiment, samples from the gas dispersion bottle and the neutral effluent were lyophilized to recover 3H20. Descending paper chromatography was performed in ethyl acetate-pyridine-water-glacial acetic acid-methanol (14:10:3:2:2, v/v) (15) when necessary, especially in the analysis of neutral compounds. The 14C radioactivity in the insoluble residue was counted after treating this residue in a sample oxidizer (type 206, Packard Instrument Corp.). Radio gas chromatography of Peak-III was performed as described elsewhere (12) . A Shimadzu, GC-MS-6020 instrument with NH3 as the reacting gas at an accelerating voltage of 3.5 kv and an ionizing electron energy of 30 ev was used for GC-MS analysis. A 
techniques.
A radio gas chromatogram of the TMS derivative of Peak-III is shown in Figure 1 . Peak-III still contained several components as impurities, but both the retention times of the main peak (peak a) detected by FID and of the radioactive peak (peak b) coincided with the retention time (1 1.5 min) for the FID peak (peak c) of the TMS derivative of authentic 5-keto-IA. To confirm the chemical structure of the radioactive constituent contained in Peak-Ill, we used GC-MS analysis of peaks a and c. The mass spectrum obtained from peak a by chemical ionization with NH3 as the reacting gas was identical to peak c shown in Figure 2 . Consequently, we concluded that Peak-III was identical to 5-keto-IA. (Table  IV) (Table II) . Apparently, 2-keto-IA and IA are intermediates between AA and IA in grapes. To determine their relative positions in this metbolic pathway, a double label experiment with [-1-'C, 2-3H]IA (experiment 3) was run. The 3H/"C ratio in IA was preserved in TA (Table III) , a clear indication that TA was produced from IA without loss of 3H. Either 2-keto-IA precedes IA during the AA to TA conversion or there is a stereospecific oxidation/reduction that involves retention of 3H on carbon 2. The former appears more probable and conceivably proceeds by hydrolysis of the (Table II) (Table II) ; AA -X 2-keto-IA -+ IA -.
Metabolism
-X TA. Slices of immature grapes, however, failed to utilizes either 2-keto-IA or IA effectively (Table I) As reported in a previous paper, the maturation ofgrape leaves was accompanied by an increase in the ratio of '"C in dehydro-AA to that in AA when labeled AA was supplied to detached leaves (1 1 [1- '4C]IA was supplied, no "4C appeared in 2-keto-IA (Table II) (Table IV) .
Similar experimental results were obtained after feeding [1- Kasai, unpublished studies), although the metabolic activity of 5-keto-IA was much lower than that observed in grapes.
From these observations, we propose the scheme as shown in (1, 4) . In 1949, Gakhokidze first proposed that TA is synthesized in plants from the C4 freed by a split between C4 and C5 of 5-keto-IA (2). Since then, experimental support for this as it applies to TA synthesis in the grape has accumulated. Ribereau-Gayon showed that D-[ I-'4C]glucose is a better precursor ofTA in grapes than is D-[6-"4C]glucose (8) . He suggested that 5-keto-IA might be a precursor of TA in grapes. In microorganisms, TA is known to be synthesized by the oxidation of sugars via D-gluconic acid and 5-keto-IA (6) .
To the best of our knowledge, ours is the first report to demonstrate the actual conversion of 5-keto-IA to TA in higher plants. Our results also have made it clear that 5-keto-IA is a
